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Abstract. The purpose of the present paper is to consider the notion of isoclinism between two finite groups 
and its generalization to n-isoclinism, introduced by J. C. Bioch in 1976. A weaker form of n-isoclinism, called 
relative n-isoclinism, will be discussed. This will allow us to improve some classical results in literature. We 
will point out the connections between a relative n-isoclinism and the notions of commutativity degree, n-th 
nilpotency degree and relative n-th nilpotency degree, which arouse interest in the classification of groups of 
prime power order in the last years. 



1. Introduction 

The notion of isoclinism was introduced by P. Hall in 1940 in [8], looking for a satisfactory classification of 
groups of prime power order. However, the notion of isoclinism holds both in finite and infinite group theory. It 
is obvious that an isomorphism is an equivalence relation in the class of all groups and this allows us to classify 
two groups. An isoclinism is a more general equivalence relation in the class of all groups and it is easy to see 
that two abelian groups fall into the same equivalence class with respect to isoclinisms (see [1, Theorem 1.4] or 
[8] or [9]). Roughly speaking, two groups H and K are isoclinic if their central quotients H/Z{H), K/Z{K) 
are isomorphic and if their commutator subgroups H' , K' are isomorphic. If we look at the construction of the 
finite extra-special 2-groups (see [15, pp. 145-147]) and at the construction of the quaternion groups (see [15, 
pp. 140-141]), then we will find such groups in the situation which has been just described. For instance, we 
may think to the dihedral group Ds of order 8 and to the quaternion group Qs of order 8. We note that both 
Ds/Z(Ds), Qs/Z^Qs) are isomorphic and Qg are isomorphic. 

Situations as we just mentioned have been largely studied in literature and it is well known the role of the 
isoclinism in the classification of the finite groups of prime power order as we can see in [3, 7, 8, 9, 10, 11, 12, 
13, 14]. 

Such references and many other works of the same authors investigate those group theoretical properties which 
are invariant under isoclinism. For example, J. C. Bioch and R. W. van der Waall [2] proved the invariance 
under isoclinism of the following hierarchy of classes of finite groups: 
abelian < nilpotent < supersoluble < strongly-monomial < monomial < soluble. 

A successive contribution in the classification of the groups of prime power order with respect to the notion 
of isoclinism was given already by P. Hall. He introduced the varieties of groups in [9]. We can easily see that 
the variety of all trivial groups and the variety of all abelian groups yield to the notion of isomorphism and 
isoclinism, respectively (see [1, 2, 10]). Varieties which extend the variety of abelian groups yield to notions 
which extend that of isoclinism . In this context, J. C. Bioch took the variety of all nilpotent groups of class 
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at most n (n is a positive integer) and introduced the notion of n-isoclinism of groups (see [1]). Successive 
contributions to the works of J. C. Bioch were given by [10]. 

Recently, some interesting connections have been found between the notion of isoclinism and the probabihty 
that two randomly chosen elements of a group permute. In particular, probabilistic boimds have been found in 
[3, 4, 5, 6, 12, 13, 16], giving restrictions in terms of the structure of a finite group. This paper follows such a 
line of research. Our main results extend both some classical results in literature on isoclinic groups as [1, 2, 8, 
9, 10, 11] and some of the results in [3, 4, 5, 6, 12, 13, 16]. Section 2 recalls the technical definitions which we 
will use in Section 3 for getting to our main results. Some open questions both in infinite and finite case have 
been shown at the end of Section 3. Our notation and terminology is standard and referred to [15]. 

2. Preliminaries 

In this section, we recall two important definitions. Firstly, we recall the notion of commutativity degree and 
its generalizations. Secondly, we recall the notion of isoclinism, and its generalizations. They can be found in 
[1, 2, 3, 4, 8, 9, 10, 13]. Prom this point, the symbol n will denote always a positive integer. 

Por any finite group G, the commutativity degree of G is defined as the number of pairs {x, y) mG xG such 
that xy = yx, divided by We denote it by d{G). In symbols: 

diG) = l{(^^^)^gy^l/] = l}l (2.1) 

5 

It is clear that d{G) = 1 if and only if G is abelian; and for any finite non-abelian group G, d{G) < -. 

8 

Purthermorc, this bound is achieved if and only if G/Z{G) is a 2-elementary abelian group of rank 2. Purther 
details can be found in [4, Theorem 2] and [6, Introduction]. 

A way of extending d{G) to (n + l)-tuples (xi, X2, Xn+i) in G"+^ is to consider the number of such (n+ 1)- 
tuples with the property that [a;i,X2, ...,x„+i] = 1, divided by the order of G""*""^. This is denoted by d^"'\G) 
and called the n-th nilpotency degree of G. In symbols: 

^(„)(g,^ ^ |{(a:i,a;2,...,a;n+i) € : [xi,X2, ...,Xn+i] = 1}| 2) 

It is obvious that extends d{G) and d^'^\G) = d{G) (see [13, Section 4] and [3] for more details). 

Now, we will introduce two further generalizations of d{G). If we take a subgroup H of a, finite group G, we 

may define the relative commutativity degree of H in G, denoted by d{H,G), as 

\{{h,g)eH xG:[h,g] = l}\ 
d{H, G) = (2.3) 

and we may define the relative n-th nilpotency degree of H in G, denoted by d'^^\H,G), as 

Jn)(n n\ \{{xi,X2,:;Xn,g) eH"" xG : [xi, xa, x^, g] = 1}| 

>{H,G) = ^^^1^ . (2.4) 

1{H = G, then d{H, G) = d{G) and rf(")(if, G) = d^''\G) as we see in [4, Section 3]. 

The second part of this section is devoted to define isoclinism, n-isoclinism, relative isoclinism and relative 
n-isoclinism. We start with defining isoclinism between two groups H and G, following [8] and recent consider- 
ations in [13, Section 2]. 

Definition 2.1. Let G and H he two groups; a pair {(p, ip) is called an isoclinism from G to H if : 

, , G H 

(ij if IS an isomorphism from , . to . , ; 

A[G) Z{H) 
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(ii) ip is an isomorphism from G' to H' ; 
(Hi) the following diagram is commutative: 



G G (x> H H 

X TTT^ > X 



Z{G) Z{G) Z{H) Z{H) 

G' H', 

where aG{giZ{G),g2Z{G)) = [51,52] and aH{hiZ{H),h2Z{H)) = [hi,h2], for each 51,52 € G and /ii,/i2 G H. 

If there is an isoclinism from G to H, wc say that G and H are isoclinic, writing briefly G ^ H. It can 
be easily checked that the relation ~ given in Definition 2.1 is an equivalence relation. Moreover, it is obvious 
that if G and H are isomorphic, then they are isoclinic. But the converse is not true. By a simple calculation, 
one may easily see that Qg and are isoclinic but not isomorphic. 

A simple relation between isoclinism and commutativity degree is that two isoclinic finite groups have the same 
commutativity degree as we see in [13, Lemma 2.4]. Another relation between finite groups of commutativity 
degree equal to \ and groups which are isoclinic to the symmetric group has been given in [13, Theorem 
3.1]. 

Now, we give the notion of n-isoclinism between two groups, generalizing Definition 2.1. This notion has 
been extensively investigated in [10, Sections 3, 5, 7]. 

Definition 2.2. Let G and H he two groups; a pair (a, /3) is called n-isoclinism from G to H if : 

/■\ ■ ■ 1 ■ r H 

(ij a IS an isomorphism from to : 

Zn[G) Zn[H) 

(a) /3 is an isomorphism from 'yn+i{G) to 7„+i(if); 
(Hi) the following diagram is commutative: 

G G H H 



Zn{G) - Zn{G) Zn{H) - Zn{H) 

l(n,G) l(.n,H) 

7(n,G)((5i^„(G),..., (G),5„+i^„(G))) = [5i,..., 



j{n,H){{hA{H),...,hnZ^{H),hn+lZn{H))) = [hi,..., hn, ^n+l], 

for each 51, ...,5„,5„+i e G and hi, /i„, /i„+i G H. 



where 



One may easily check that the maps 7(71, G) and 7(n, H) in Definition 2.2 are well-defined. 

If there is an n-isoclinism between G and H, we say that G and H are n-isoclinic, writing briefly by G ^ if. 
It is clear that ^ and ^ coincide, that is, a 1-isoclinism is an isoclinism. Follows from Deflnition 2.2 that n is 
an equivalence relation (see [1] or [10, Section 3]). If G and H are n-isoclinic, then they are (n -|- l)-isoclinic by 
[10, Theorem 5.2]. This will be extended in Section 3. 

Note that our terminology can be found in [1, 2, 7, 8, 9, 11], as most of the terminology in the present section. 
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We know that Definitions 2.1, 2.2 and Equations (2.1), (2.2) are correlated by results as [13, Lemma 2.4] or 
[3, Theorem B]. Indeed, [3, Theorem B] states that two n-isoclinic groups have the same n-th nilpotency degree. 
Now, we state the last definition of the present section which recalls [10, Definition 7.1] and extends Definitions 

2.1 and 2.2. 

Definition 2.3. Let Gi, G2 be two groups, Hi a subgroup of Gi and H2 a subgroup 0/G2. A pair {a, 13) is 

said to he a relative n-isoclinism from (i?i,Gi) to {H2,G2) if we have the following conditions: 

(i) a is an isomorphism from Gi/Zn{Gi) to G2/ Z.a{G2) such that the restriction of a under Hi/{Zn{Gi)nHi) 
is an isomorphism from Hi/{Zn{Gi) fl Hi) to H2/ (Zn(G2) n H2); 

(ii) /3 is an isomorphism from [„i?i,Gi] to [nH2,G2\; 
(Hi) the following diagram is commutative: 

Hi w w Hi Gi ^'^'^ . H2 w w H2 w G2 

z„(Gi)nHi ^ •■• ^ z„(Gi)nHi ^ z„(Gi) ' z„(G2)nff2 •■• z„(G2)nJf2 ZnCGj) 

7{n,ffi,Gi)| 7(«,«2,G2)| 

lnHl,Gl] ^ > [nH2,G2]. 

where 

7(n, Hi, Gi)((7ii(Z„(Gi) n Hi), /i„(Z„(Gi) n Hi), giZ^{Gi))) = [hi, 7i„,5i] 

and 

7(n, H2, G2){{kl{Zn{G2) n H2), kn{Zn{G2) n H2),g2Zn{G2))) = [fel, kn, 92], 

for each hi, hn € Hi, ki, kn € H2, gi € Gi, 32 € G2. 

It is easy to check that the maps ^{n, Hi, Gi) and ^{n, H2, G2) in Definition 2.2 are well-defined. 

If Definition 2.3 is satisfied, we say that (ffi,Gi) and (i?2,G2) are relative n-isoclinic, writing briefly 
(ffi, Gi) n {H2, G2). Follows from Definition 2.3 that n is an equivalence relation (see also [1] or [10, Section 3]). 
Note that there is not ambiguity if we use the symbol ^ both in Definitions 2.2 and 2.3, because in Definition 

2.2 n is referred to groups and in Definition 2.3 ^ is referred to pairs of groups. We should also note that if two 
pairs {Hi, Gi) and {H2, G2) are relative n-isoclinic, then it is not necessary that Gi and G2 are n-isoclinic. For 
instance, assume that SL{2, 5) is the special linear group of order 120 and PSL{2, 5) is the projective special 
linear group of order 60. Then we can observe that {Z{SL{2,5)), SL{2,5)) and (1, ^5*27(2, 5)) arc relative 1- 
isoclinic. On another hand, we note that |[S'L(2, 5), 5'L(2, 5)]| = 120 and \[PSL{2,5), PSL{2,5)]\ = 60 so the 
relative 1-isoclinism is not an isoclinism. 

Now, we end the present section, stating our main results. 

Theorem A. Let Gi and G2 be two n-isoclinic groups. For every subgroup Hi ofGi, there exists a subgroup 
H2 of G2 such that Hi and H2 are n-isoclinic. 



Theorem B. Let Gi and G2 be two finite groups. Hi be a subgroup of Gi and H2 be a subgroup of G2 • If 
{Hi,Gi) n {H2,G2), then d(")(ifi, Gi) = rf(")(if2, G2). 
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Theorem C. Let G be a group and H, N be subgroups of G such that N<G and N C H. Then for alln>0, 

^) - f K ^ ) 

^N'n' " ^7Vn7„+i(G)'7Vn7„+i(G)^- 

InpaHicular, ifNn-fn+i{G) = 1, then {H,G) k {H/N,G/N). 

Theorem D. Let H be a subgroup of a finite group G. Then the following statements are true. 

(i) IfG = HZn{G), then d^"\H) = d^''\H,G) = d^''\G). 

(ii) d^''\H,G) = d^''\^{H),G) for every if € Aut{G). 

Theorem E. Let H be a subgroup of a finite group G such that Z{G) C H. Then d{H, G) = ^ if and only 
if {H,G) and {{a),D8) are relative 1-isoclinic, where (a) is a subgroup of order A: in D^. 

3. Proof of Main Theorems 
This section is devoted to describe our main results. 

Lemma 3.1. {Hi, Gi) jj (i?2, G2) if and only if there exist two isomorphisms a and j3 such that 

a : Gi/Z„(Gi) ^ G2/^„(G2), 

/3 : [„i?i,Gi] ->■ [„-ff2,G2], 

a{Hi/{Zn{Gi) n Hi)) = H2/{Zn{G2) n H2) and for all gi G Gi and h, e Hi, 

P{[hi,...,hn,gi]) = [ki,...,kn,g2], 
where 52 G a{giZn{Gi)), ki € a{hi{Zn{Gi) fl Hi)) and 1 <i <n. 

Proof. It is clear by Definition 2.3. □ 

Lemma 3.2. Let Gi and G2 be two n-isoclinic groups. Then for every subgroup Hi of Gi there exists a 
subgroup H2 0/G2 such that {Hi,Gi) n {H2,G2)- 

Proof. Assume that {a, (3) is an n-isoclinism from Gi to G2 as in Definition 2.3. Put 
H2 = {xeG2\3heHi s.t. a{hZn{Gi)) = xZn{G2)}, 

where Hi is an arbitrary subgroup of Gi. It is clear that H2 is a subgroup of G2 and a{Hi/{Zn{Gi) fl Hi)) = 
H2/{Zn{G2) n H2). If 13' denotes the restriction of j3 under [„ffi, Gi], then j3' is an isomorphism from Gi] 
to [nH2, G2] and for all g(i € Gi, /ij e .ffi, 1 < i < n we have 

P'{[hi, hn, gi\) = I3{[hi, /i„, gi]) 
= (3-f{n,Gi){hiZn{Gi),...,hnZn{Gi),giZ„{Gi)) 
= 7(n,G2)a"+i(/ii^„(Gi),...,/i„Z„(Gi),5i^„(Gi)) 
= [ki,.:,kn,g2], 
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where 52 € a{giZn{Gi) fl Hi) and A;, € a{hiZn{Gi) fl ili). Therefore (a, is a relative n-isoclinism from 
{Hi,Gi) to {H2,G2), by Lemma 3.1. □ 

Now, we may prove Theorem A. 

Proof of Theorem A. Assume that Gi and G2 are two n-isocUnic groups and Hi is an arbitrary subgroup 
of Gi. By Lemma 3.2, there exists a subgroup H2 of G2 such that {Hi,G\) n (-^2,^2). Let {a, (3) be a relative 
n-isoclinism from {H\,G\) to (i?2,G2) as in Definition 2.3. We have the isomorphisms 

a' : Hi/{Zn{Gi) n ^ H2/{Z^{G2) n iJa), 

and 

/3':7n+l(^^l)^7n+l(^2), 

where a' is the restriction of a under Hi/ {Zn{Gi) fl Hi) and is the restriction of (3 under 7„+i(iJi). By [10, 
Lemma 3.11], ii A = Z„(Gi)niJi C Z„{Hi) and B = Z„(G2)niJ2 C Z„(ff2), then Hi and if2 are n-isoclinic. □ 

The following fact compares two relative n-isoclinisms. 

Proposition 3.3. If{Hi,Gi) „ {H2,G2), then {Hi,Gi) ~ (^2,02). 

Proof. Let (a,/3) be a relative n-isoclinism from (i?i,Gi) to {H^^G^)- Define 

G G 

• 7 Trr\ TFTT and V : [n+i^fi, Gi] ^- [„+ii/2, G2] 

by the rules (/5(5iZ„+i(Gi)) = 52.^n+i(G2) and il){[x,gi\) = [/3(a;), 52], where a(5iZ„(Gi)) = 52^n(G2) and 
a; S 7„+i(if). Now, we claim that <^ and V' are isomorphisms. 

Assume that aZ„_|_i(Gi) = 6Z„_|_i(Gi) for some a, 6 e Gi, then ^p{aZn+l{Gl)) = xZn+i{G2) , i^(6.Z„+i(Gi)) = 
yZn+i{G2), where x,y G G2. Therefore either 

-'-"(«->^^^^'^> 

or 
or 

-1 r7 \ ■^n+l(G2) 

?y i.tZ„(G2) e y / 

i.e. (y9(aZ„4-i (Gi)) = (/j(5Z„+i(Gi)). Thus (p is well-defined. 

If (p{aZn+i{Gi)) = 1, then <^(aZ„_)_i(Gi)) = xZn+i{G2) — 1 for some x G G2. Thus x G Z„+i(G2) and so, 

a(aZ„(Gi)) = ^^"(^2) e ^jg^ = ^(^;^) 

■^n(Gl) Zn{Gl) 

Hence, a G Z„+i(Gi) and therefore is injective. 

From a surjcctivc, wc conclude that ip is surjective. Therefore is an isomorphism and ip{Hi/{Zn+i{Gi) fl 

Hi)) = H2/Zr,+ l{G2)nH2. 
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Since /? is an isomorphism, ^ is a monomorphism. ip is surjective because, if [fci, 52] € [n+iH2,G2] 
then there exist elements hi,...,hn+i G Hi and gi G Gi such that 0{[hi, .... hn+i]) = [fci, fc„+i] and 
a{giZn{Gi)) = g2Zn{G2)- Therefore ip{[hi, hn+i, gi]) = [/3(/ii, /i„+i), 32] = [fci, fc„+i, 52], and so V 
is an isomorphism. 

Now Lemma 3.1 imphes that {(f, tp) is a relative n + 1-isoclinism from (ffi, Gi) to {H2, G2)-0 
Proof of Theorem B. Let (a,/?) be a relative n-isoclinism from {Hi,Gi) to {H2,G2)- We have 



\{{hi,...,hn,gi) e iJ" X Gi : [/ii,...,/i„,c/i] = 1}| 



'Z„(Gi)nifi' 'Z„(Gi) 
_ 1 

~ |z„(Gi)n//i|"|z„(Gi)| 

|Z„(Gi)nifi|»|Z„(Gi)|' 

ei?r X Gi : 7(n,ifi,Gi)(/ii(Z„(Gi)nifi),...,/i„(Z„(Gi)niri),5i^„(Gi)) = 1}| 

- - H H G - - 

= m,...,hn,9-i) € z^(^a,)nH, ^ - ^ z„(G,)'ngi ^ zjk) ■ = i}l 

- - H G - - 

= \{{hi,...,hn,gi) g Zn{Gi)nHi ^ "' ^ Zn{Gi) n Hi ^ Z„(Gi) /5(')'(".^fi><^i)(/ii>->/in,5i)) = 1}| 

(because /3 is an isomorphism) 

H H G 

= \{ihi,...,hn,9i) e ^^(g^)^njj^ ^ - ^ z„(Gi)^ngi ^ Z„(Gi) ' 7K-^2,G2)(a(/i"i),-,Q(/in),Q(5i)) = 1}| 

(by commutativity of diagram as in Definition 2.3) 

= |{(fc-,,...,fc;,5-2)e^-^^^x...x^-^^^x^^ : 7(n,iJ2,G2)(fci,...,fc;,,-2) = l}| 



(because a is an isomorphism) 
1 



|Z„(G2)nF2|"|^„(G2)| 

_ 1 

~ \Zr,{G2) n H2\^\Zn{G2)\ 

'^«(G2)ni?2' '^n(G2) 

Therefore 



\{{ki,...,kn,g2) e H^ XG2 : -f{n,H2,G2){ki,...,kn,g2) = 1}\ 

\{{ki,...,kn,g2) e H'2 X G2 : [fci,...,fc„,ff2] = 1}| 
I S^\H2,G2). 



Hi I S-)(^HuG,) = I ^ ^ ri^^l d^^\H2,G2) . 



'Zn{Gi)nHi' 'Z„(Gi)' ^ ^' 'Zn{G2)nH2' '^„(G2) 

Since (q;,/3) is a relative n-isoclinism, d^"\Hi,Gi) = d^^\H2,G2) and the result follows. □ 

Theorem C generalizes [1, Lemma 1.3]. 

Proof of Theorem C. Put G = G/N and G = G/{N n [„i^,G]). Since g G Z„(G) if and only if 
g G Zn{G), the map a from G/Zn{G) onto G/Zn{G) given by a{gZn(G)) = gZn{G) is an isomorphism and 
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a{H/{Zn{G) n H)) = H/{Zn{G) D H). Also one can see that (5 : [„i?, G] [„i?, G] by the rule ^{x) = J is an 
isomorphism. By Lemma 3.1, (q!,/3) is a relative n-isoclinism from {S,G) to {H,G). □ 

For proving (i) Theorem D, we need of the following lemma. 

Lemma 3.4. Let G be a group andH be a subgroup ofG such that G = HZn{G). Then {H,H) n {H,G) n (G, G)- 

Proof. We want to prove {H, H) ^ {H, G). Let G = HZn{G). We may easily see that Zn{H) = Zn{G) n H. 
Thus H/Zn{H) = H/{ZniG) n H) is isomorphic to HZ„{G)/Zn{G) = G/Z„(G). Therefore a : H/ZniH) ^• 
G/Zn{G) is an isomorphism which is induced by the inclusion i : H ^ G. Furthermore, we can consider a as 
isomorphism from H/Zn{H) to H/Zn{G) n H. 

On the other hand, [„iJ, G] = [nH, HZn{G)] = ^n+i{H). By Lemma 3.1, the pair (a, l-y„^i(//)) allows us to 
state that {H,H) ^ {H,G). 

The remaining cases {H, H) n {G, G) and {H, H) n {H, G) follow by a similar argument. □ 

Proof of Theorem D. (i). By Lemma 3.4, we have {H,H) s {H,G) s (G,G). 

(iJ) = {H, H) = {H, G) = (G, G) = (G) , 

by Theorem B and the result follows. 

(ii). Assume Lp £ Aut{G). Then ip induces the isomorphisms a from G/Zn{G) to G/Z„(G) by the rule 
a{gZn{G)) = (f{g)Zn{G) and /3 from [nH,G] to [nf{H),G] by the rule /3([/ii, a;]) = /in, a;]). 

Note that 

^z^{G)nH> ZniG)n^iH)- 

On another hand, for every g £ G and hi E H , 1 < i < n, wc have (p{g) G a{gZn{G)), p{hi) G a{hi{Zn{G) H H)) 
and /3([/ii, /in, 5]) = [(^(/ii), (^(/i„), (^((7)]. By Lemma 3.1, the pair (a,/3) implies that {H,G) n {(p(H),G) 
and so 

d^''\H,G) =d'-"\ip{H),G). □ 
Theorem C has two useful consequences, as we see in the next statements. 

Corollary 3.5. Let H be subgroup of a group G. Then there exists a group Gi and a normal subgroup Hi 
of Gi such that {H, G) j {Hi,Gi) and Z{Gi) Pi Hi C Hi Pi G'l- In particular, if G is finite, then Gi is finite. 

Proof. Let 1— >-G— 7-lbca free presentation of G, 5 be a subgroup of F, H he a. group isomorphic 
to S/R. If F = F/{R n F') and S = S/{R n F'), then Theorem C with n ^ 1 implies (iJ, G) j {S,F). On 
another hand, {Z{F) n S)/{Z{F) r\Sf\F') is isomorphic to {{Z{F) n S)F')/F', which is a subgroup of F/F'. 
Therefore, for some normal subgroup B of F, Z{F) n 5 = {Z{F) n 5 n f") x B. Now B n = 1 and we have 
{H, G) Y {Hi,Gi) again by Theorem C with n = 1, where Gi = F/B and = S/B. Furthermore Z{Gi) n Hi 
is isomorphic to Z{F/B) n 5/B = (Z(F) n S)/B, which is a subgroup of {SnF')B/B = Hi PiG'i- In particular, 
if Gis finite, then the index |Gi : Z{Gi)nHi\ is finite. But, Z{Gi)nHi C FiOGi, therefore |G : G'i| is finite 
and so Gi. □ 
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Corollary 3.6. Assume that H is a subgroup of a finite group G. Then there exists a finite group Gi and a 
normal subgroup Hi of Gi such that d{H, G) = d{Hi,Gi) and Z{Gi) flHi C G[ Ci Hi. 

Proof. By Theorem B and Corollary 3.5 the result follows. □ 

We know that 



It is easy to check that 



and that 



Ds = {a,b\a'^ = b'^ = {abf = 1). 
{Ds,{a)) T {Ds,{a\b)) J {Ds,{a^ab)). 



d{Ds, (a)) = d{Ds, {a\ b)) = d{D8, (a^ ab)) = | 



Theorem E shows that all pairs of groups with the relative commutativity degree | belong to the class of relative 
1-isoclinism of {{a),Ds). 

The following lemma gives an upper bound for d{H, G) which will be used in the proof of Theorem E. 
Lemma 3.5. For every subgroup H of a finite group G, 

Proof. 

\G\ ^ \H\ ^ \H 

< p {\Z{G) U Z{H)\ + \{\G\ - \Z{G) U Z{H)\) 

1 \Z{G)l}Z{H)\ 
\G\ 



Proof of Theorem E. Assume d{H, G) = |. Then H is abelian by [4, Theorems 2.2 and 3.3] and \G ■.H\<2 
by Lemma 3.7. Moreover, \H/Z{G)\ = 2 by [4, Theorem 3.10] and so \G : Z{G)\ = 4. Therefore G/Z{G) is 
a 2-elementary abelian group of rank 2 so we may define the isomorphism a from G/Z{G) to Dg,/ Z{D^) by 
a{x) = a and a{y) = b. Since Z{G) C H, H/Z{G) is either (x) or (y) or (xy). 

Assume that H/Z{G) = {x). Then a{H/Z{G)) = {a)/{a'^) and [H,G] = {x,y). Therefore ^ : [H,G] ^• 
(a^) by I3{[x,y]) = [a,b] is an isomorphism. Hence {a, 13) is a relative isoclinism from {H,G) to {{a),Ds) by 
Lemma 3.1. Now we have the remaining cases H/Z{G) = (y) and H/Z{G) = {xy). If H/Z{G) = {y), then 
a similar argument shows that {H,G) j ((a^, 6, Dg))- If H/Z(G) = {xy), then a similar argument shows that 
{H,G) J {{a'^ , ab) , Dg) . There are no other cases so we deduce that {H,G) j {{a),D8), as claimed. 
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Conversely, if {H,G) j {{a),Ds), then d{H,G) = d{{a),Ds) = f and the result follows from [4, Theorem 
3.10].n 

Finally, we state the following conjecture. 

Conjecture. Theorems B and D hold when G\ and G2 are two infinite groups. 

We note that Definitions 2.1, 2.2 and 2.3 hold also in the infinite case. The same happens for Lemmas 3.1, 
3.2, 3.4, Proposition 3.3, Theorem A and Theorem C. This allows us to ask whether conditions as in Theorems 
B and D can happen in the infinite case. We strongly believe that the conjecture is true at least in the case 
of compact groups, when a suitable notion of commutativity degree is introduced. Wc have some evidences in 
special cases as [16, Theorems A and B] and in recent submitted papers by the authors. 
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